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Stratospheric 
Ozone Depletion 


Environmental indicators are selected key statistics that provide information on 
significant trends in the environment, natural resource sustainability, and related 
human activities. The indicators in this bulletin are part of a national set of 
environmental indicators designed to provide a profile of the state of Canada’s 
environment and measure progress towards sustainable development. 


Issue Context 


Stratospheric ozone protects life on 
Earth by filtering out biologically 
harmful wavelengths of ultraviolet 
(UV) radiation emanating from the 
sun. There is now clear evidence that 
the intensity of mid-range UV 
radiation (UV-B) at the Earth’s surface 
has increased as a result of ozone 
depletion in the stratosphere (i.e., the 
upper atmosphere). In fact, 
measurements show that globally 
averaged ground-level UV-B radiation 
rose 10% from 1986 to 1996. 

Excessive exposure to UV-B 
radiation causes sunburn and can lead 
to skin cancer, depression of the 
immune system, and an increased risk 


of developing cataracts in humans. It is 
believed that a sustained 1% decrease 
in stratospheric ozone will result in a 
2% increase in cases of nonmelanoma 
skin cancer. Increased UV-B may also 
reduce some crop yields and disrupt 
marine food chains. 


Why is ozone depletion 
more severe over the 
Earth’s poles? 

In 1985, scientists reported a 
thinning in the ozone layer over 
Antarctica. This proved to be a 
dramatic sign of a worldwide situation 
that is most accentuated in the south 
polar area due to its unique conditions. 
Stable winter wind patterns contribute 
to extreme cooling over Antarctica, 
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which allows polar stratospheric clouds 
to form. These clouds, coupled with 
ozone-depleting substances (ODSs), can 
dramatically accelerate the process of 
ozone destruction, causing a “hole” to 
develop. The “hole” forms during each 
southern hemisphere spring 
(September/October), when polar air is 
the coldest and the sun is just returning. 
As the sun warms the atmosphere, the 
stratospheric clouds disappear and 
ozone depletion slows down. In recent 
years, the hole has extended beyond the 
Antarctic continent to the tip of South 
America. Ozone levels within that area 
have been as little as one-third the 
normal (pre-1980) amount. 

While the extreme meteorological 
conditions of the Antarctic are unlikely 
‘to occur in the Canadian Arctic, the 
late-winter/spring ozone levels in the 
Arctic have been unusually low in six 
of the last nine years. The Arctic 
stratosphere was particularly cold 
during those six years. 


What are the causes of 
ozone depletion? 

Changes in ozone levels are related 
to both natural and human-induced 
factors. Natural factors include the 
11-year sunspot cycle, periodic 
reversals in wind direction over the 
equator, volcanic eruptions, and 
changes in natural atmospheric pressure 
patterns during El Nifio events. 

The largest single factor, however, 
is the release of halocarbons, namely 
chlorofluorocarbons (CFCs), 
bromofluorocarbons (halons), methyl 
chloroform, carbon tetrachloride, 
methyl bromide, and 
hydrochlorofluorocarbons (HCFCs). 
These ODSs have been used in air 
conditioning and refrigeration 
equipment, foams, aerosols, and fire 
extinguishers, and as solvents and 
pesticides. The long atmospheric 
lifetimes of ODSs allow them to 
penetrate the stratosphere, where, due to 
exposure to intense UV-B radiation, 
they eventually release their chlorine 
and bromine atoms, which react with 
ozone and break it down. 

The combined abundance of ODSs 
in the troposphere (i.e., the lower 


atmosphere) peaked in about 1994 and 
is now declining. The combined 
abundance of stratospheric chlorine and 
bromine is thought to be at or near its 
peak now. 


Is there a link between 
stratospheric ozone loss 
and climate change? 

There are several mechanisms that 
link stratospheric ozone loss and 
climate change, notably the fact that 
ozone is a greenhouse gas as well as a 
UV filter. Thus, a loss of stratospheric 
ozone leads to a cooling of the 
stratosphere, making conditions even 
more favourable for ozone depletion. 
Similarly, CFCs and HCFCs act as 
potent greenhouse gases in addition to 
being ODSs. These gases trap heat 
within the lower atmosphere before it 
can reach the stratosphere. This causes 
a cooling of the stratosphere, further 
contributing to the conditions that are 
conducive to ozone depletion. 


What is being done about 

the problem? 

> So far, over 165 countries have 
ratified the Montreal Protocol, 
which controls ODSs. All new 
supplies of ODSs, except HCFCs 
and methyl bromide, were phased 
out by developed countries as of 
January 1, 1996. 


> International requirements have 
been implemented in Canada under 
the Ozone-depleting Substances 
Regulations, 1998. These 
regulations have been revised to 
eliminate the uses of HCFCs for 
which there are alternatives and to 
completely close our borders to 
products containing CFCs or halons 
(except for critical uses) that might 
still be imported into Canada. 


» The Federal Halocarbon 
Regulations, which apply to all 
federal facilities across Canada, 
went into effect July 1, 1999. 
Recovery, recycling, and emission 
reduction regulations for ODSs are 
in place in all provinces and in the 
Yukon. The Northwest Territories 
has published guidelines for the 
same purpose. 


Codes of practice have been 
prepared by Environment Canada to 
promote the reduction and eventual 
elimination of emissions of ODSs 
by industry and consumers. They 
are the Environmental Code of 
Practice for the Elimination of 
Fluorocarbon Emissions from 
Refrigeration and Air Conditioning 
Systems and the Environmental 
Code of Practice on Halons. 
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Indicator: New supplies of ozone-depleting 
substances 


Global 


» New supplies of ozone-depleting substances (ODSs) 
in Canada fell from a high point of 27.8 kilotonnes 
in 1987 to approximately 0.9 kilotonnes (composed 
mostly of HCFCs) in 1998. 


_» In Canada and other developed countries, new 
supplies of both chlorofluorocarbons (CFCs) and 
methyl chloroform (except for those used in 
feedstocks and for essential uses) were phased out 
as of January 1996. New supplies of halons were 
phased out in January 1994, followed by carbon 


Global CFC production 
(kilotonnes) 
GWP (1995 US$ trillions) 


tetrachloride in January 1995. 
: : re GDP. > | 800 
» HCFCs, which are substitutes for CFCs but are Gee oe io 5 Poe g 
much less severe ozone depleters, are also regulated =| 9 2 © 50! epee ee 
in Canada. Consumption of HCFCs was frozen as of | 3 6. 2 Total 500 or 
January 1, 1996, and will be reduced by 35% by a k mores] eet 400 
2004, 65% by 2010, and 90% by 2015. Production | S25 10 emreerad Bie 
and importation will cease by 2020, except for small | 32% ee {| 200 a 
quantities used for servicing equipment. oe) ij Rake 


Oo on 
z 
1993 ilies 


» Canada froze consumption of the pesticide methyl 
bromide at 1991 levels as of January 1, 1995, 


: ; GDP: Gross Domestic Product 
reduced its consumption 25% by January 1998, and —_ Gwp: Gross World Product 


plans to eliminate its use by 2001 (except for Note: | 
: a t lications and The indicator does not include ODSs used in feedstocks, for essential uses, 

quarantine and pre-shipment applicatio or for quarantine and pre-shipment applications. 

critical uses). Sources: 


Canadian ozone-depleting substances: Commercial Chemicals Evaluation 
> In 1997, global CFC production was 88% less than Branch, Environmental Protection Service, Environment Canada, Ottawa, 
: . , >a result of Ontario, Canada. 
the peak Eada ey EN Giniees 1 roc ence Canadian Gross Domestic Product (GDP): Statistics Canada, Ottawa, 
international phaseouts. Ontario, Canada. 
ae — Global ozone-depleting substances: E.|. Du Pont de Nemours, Wilmington, 
DE, USA, in: Brown, L., M. Renner, and C. Flavin, Vital Signs 1998, 
Worldwatch Institute, W.W. Norton & Company, Inc., New York, NY (1998) 
Global Gross World Product (GWP): World Bank, International Monetary 
Fund, in: Brown, L., M. Renner, and C. Flavin, Vital Signs 1998, Worldwatch 
Institute, W.W. Norton & Company, Inc., New York, NY (1998) 
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Indicator: Global atmospheric concentrations of 
ozone-depleting substances 


This indicator tracks the magnitude and rate of 


e we Environment Environnement 
Canada Canada 


ational Environmental Indicator 


change of the atmospheric reservoir of the Concentrations of CFC-11 and CFC-12 
most abundant ozone-depleting substances in the | 

(ODSs). CFC-11 and CFC-12 account for half in the lower atmosphere 

of the ozone-depleting chlorine in the 

atmosphere. 


>» The abundance of CFC-11 in the lower 
; atmosphere peaked around 1994 and is 
now slowly declining, while the level of 
CFC-12 appeared to be close to its 
maximum in 1997. Total CFC levels in 
the lower atmosphere are expected to 
peak by the end of the decade and then 
begin to decline slowly. This reflects the 
expected impact of the Montreal “eo>osraeee es 
Protocol and its amendments and eeeeee 
adjustments. 
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ppt: parts per trillion (10°) 
» In the stratosphere, however, the most 


Note: 
recent information suggests that the Global means are based on measurements from up to eight stations worldwide. 
reservoir of CFCs will persist for up to Source: 

Data from the global network of stations were compiled by J.W. Elkins, National Oceanic 
50 years. and Atmospheric Administration (NOAA), Boulder, CO, USA. 


er : Elkins, J.W., et al. Decrease in the growth rates of atmospheric chlorofluorocarbons 11 and 
» The atmospheric concentration of methyl 12. Nature, 364: 780-783 (1993). 


chloroform, another ODS used in 
adhesives and solvents, has declined 
since the mid-1990s. It is the first 
restricted halocarbon to show a decrease 
in atmospheric concentration. 
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Indicator: Stratospheric ozone levels 


» Canadian average stratospheric ozone levels 
for 1998, although up from 1997, were down Annual average ozone levels 
3.3% from pre-1980 levels. Despite yearly 
variations, there has been a general 
downward trend in ozone levels over the 
past 15 years. 


» Since 1979, there has been a global decrease 
in the annual average amount of 
stratospheric ozone: a 46% decrease per 
decade at mid-latitudes, and a 10-12% 
decrease per decade at higher southern 
latitudes. 
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> In 1997, the Antarctic ozone “hole” was 
similar in area to those of the previous five 
years. Preliminary data suggest that the 1998 


+ . “175 Notes: 
hole”, encompassing 27.3 million ee i) The Canadian levels are measured from the ground and are averages from five 
kilometres, was the largest ever recorded. co ozone spectrophotometers. 
ae ; “17: ii) The global levels are averages from 65°S to 65°N latitude, measured using the 
The previous maximum, 26.0 million square Total Ozone Mapping Spectrometer (TOMS) on the Nimbus-7 (1979-92), Meteor-3 
kilometres, occurred in 1996. (1992-94), and Earth Probe (1996-98) satellites. 


iii) The derivation of the average Canadian levels has been slightly modified in this 
owes in global update to normalize data due to the lower number of sampling sites before 1965. 
>» A long-term downward trend 1 g iv) Dobson units: One Dobson unit is equivalent to a layer of pure ozone 0.01 mm 
stratospheric ozone levels has been observed thick at standard temperature (0°C) and pressure (101.3 kPa), spread over the 
since the early 1980s. This trend is expected : surface of the Earth. 
; ie a : ources: 
to continue for several years, as CFCs Canadian: Atmospheric Environment Service, Environment Canada, Downsview, 
already in the lower atmosphere reach the Ontario, Canada. 
g / = »sin to reverse Global: Laboratory for Atmospheres, National Aeronautics and Space Administration 
stratosphere. It should then beg > (NASA), Goddard Space Flight Center, Greenbelt, MD, USA. 
as chlorine concentrations In the stratosphere 


diminish as a result of the international 
phaseout of CFC production effected by the 


Montreal Protocol. 
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